Background: Pyothorax-associated lymphoma (PAL) is a rare, but distinct, clinico-pathologic entity which occurs most often in Japanese people; to the best of our knowledge, only six cases of it have been reported in Western countries. The tumour develops several decades following artificial pneumothorax or chronic pleuritis due to tuberculous infection, produces pleural effusion associated with extensive local lymphomatous infiltrates, and is sustained by a polymorphic large B-cell clonal proliferation showing EBV integration in the genoma of the neoplastic cells.
Introduction
The pleura can primarily be involved by a lymphoid tumour in the form of either a body cavity-based lymphoma or a pyothorax-associated lymphoma (PAL).
The former characteristically occurs in HIV+ patients with advanced AIDS and presents as serous effusions with no detectable mass disease in the body cavities and no lymphadenopathy or organomegaly [1] [2] [3] . It consists of large elements with features intermediate between those of immunoblastic and anaplastic large cell lymphomas, which carry no B-or T-cell markers, but express CD45, CD30, CD38, CD71 and HLA-DR [1] [2] [3] . Upon molecular analysis, neoplastic cells show clonal rearrangements of the genes encoding for immunoglobulin (Ig) heavy and light chains and are infected by Kaposi's sarcoma-associated herpes virus, also known as HHV-8 [1] [2] [3] [4] [5] . Recently, the term 'primary effusion lymphoma' has been proposed [5] , as this more accurately describes the tumour and does not cause confusion with other lymphomas, such as the PALs, that may occur in the body cavities.
PAL consistently occurs in patients with a clinical history of long-standing pyothorax or chronic inflammation of the pleura resulting from therapeutic artificial pneumothorax or tuberculous pleuritis [6, 7] . With only a few exceptions [8] [9] [10] [11] , the tumour has been observed in Japanese people 22 to 55 years after the onset of tuberculosis. It presents with pleural effusion, one or more masses, and possible infiltration of the parietal and visceral pleura. The neoplastic cells are large and usually display immunoblastic morphology [6, 7] ; in most instances immunohistochemistry reveals B-cell or nullphenotype and CD30 negativity [6, 7] , while hybrid or T-cell phenotype and CD30 expression have seldom been reported [12] . Molecular biology documents frequent monoclonal Ig gene rearrangements [7] . On virological grounds, the tumour is regularly associated with EBV-infection, as shown by the detection of EBER 1/2 and strong and weak expression of EBNA-2 and LMP-1, respectively [13] [14] [15] . By contrast, recently-performed molecular studies have failed to show a relationship with HHV8 [5, 7] .
Herein, we report on the first two cases of PAL documented in Italy, which integrate the six cases described as of the present in Western countries [8] [9] [10] [11] .
for in situ hybridization (ISH), which was performed using nonisotopic labelled and antisense EBER probes, as previously described [19] . To increase the sensitivity of the procedure a mixture of EBER 1 and 2 antisense probes, as well as of the sense control probes, was applied.
ISH-polymerase chain reaction (PCR) for HHV8 was also performed in accord with previous experience. [20] .
DNA was extracted from paraffin-blocks from both cases according to Shibata [21] and amplified by the PCR-based method for detecting the rearranged Ig heavy chain described by Ramasamy et al. [22] . Oligonucleotides homologous to the conserved sequences to the framework II and III regions, as well as to the LJH and VLJH regions, were employed as primers.
Results

Patients and methods
Tissue samples were fixed in 10% buffered formalin for 24 hours and then processed and paraffin-embedded as previously described [16] . Three-um-thick paraffin sections were cut and used for routine stains (Haematoxylin and eosin, Giemsa, P.A.S., and Gomori silver impregnation) and immunophenotypic analysis. The latter was automatically performed in aTechMate 500 immunostainer according to the alkaline phophatase anti-alkaline phosphatase complexes (APAAP) technique [17] and by applying the following monoclonal antibodies (mAb. . Prior immunostaining, deparaffinized sections underwent antigen retrieval according to previously described optimised procedures [18] .
Some further sections were coated on silanized slides and utilized
Clinical findings
Patient 1. In September 1996, a 70-year-old man, who had undergone artificial pneumothorax for pulmonary tuberculosis 50 years previously, was admitted to Parma University Hospital because of chest pain, asthenia, fever, weight loss, and the presence of a supraclavicular mass. Axial computed tomography (ACT) scans showed a chronic pyothorax associated with a pleural mass extending into the thoracic wall ( Figure 1 ). The tumour was biopsied and a diagnosis of aggressive malignant lymphoma was made. In December 1996, chemotherapy was started according to the CEOP protocol. The patient experienced progression of the disease at the end of the fourth cycle of chemotherapy; at the time of this writing, he is receiving salvage therapy according to the IVAD scheme. ,.
• • lymphomatous elements (immunohistochemistry in paraffin sections, APAAP technique, Gill's haematoxylin nuclear counterstain, x400).
,,•/ Figure 3 . Neoplastic cells display immunoblastic profile with a slightly Figure 5 . Weak to moderate staining of neoplastic elements with the eccentric nucleus, one or more prominent nucleoli, and a wide rim of anti-LMP-1 antibody (immunohistochemistry in paraffin sections, deeply basophilic cytoplasm (Giemsa, x600).
APAAP technique, Gill's haematoxylin nuclear counterstain, x400).
huge mass (15 cm wide) in the left anterior hemithorax (Figure 2 ), associated with chest pain, dyspnea, mild fever, and homolateral pleural effusion. ACT showed that the mass extended from the left pleura to the subcutis through the thoracic wall. A biopsy was taken and a diagnosis of aggressive malignant lymphoma was made.
A chemotherapy according to the MACOP-B protocol was begun. The patient is still alive and in partial remission.
Histologicalfindings
The bioptic samples from both of these patients were characterized by a diffuse proliferation of large cells spreading in the subpleural space and thoracic wall, which was constantly thickened by fibrosis. The lymphoma cells did not invade the pulmonary parenchyma. On cytological grounds, neoplastic elements corresponded to immunoblasts, with features of plasmablastic differentiation in case number 2, roundish nuclei, one or more prominent nucleoli, and a wide rim of basophilic cytoplasm ( Figure 3 ). Mitoses were numerous and the tumour contained a large area of necrosis.
In accord with the R.E.A.L. Classification [23] , the two cases were diagnosed as diffuse peripheral large B-cell lymphoma, immunoblastic subtype.
Phenotypic profile
In case number 1, neoplastic cells stained with the Ab.s anti-CD45, CD79a, CD20, CD45RA, CD43, k-light chain, EBNA-2, and bcl-2 oncogene product, while showed negativity for CD3, CD45R0, CD30, CD68, K-light chain, p53, bcl-6, NPM/ALK product, EMA, and cytokeratins (Figure 4) . Furthermore, they revealed partial positivity for vimentin and LMP-1 ( Figure 5 ). The Ki-67 index was 80% ( Figure 6 ).
In case number 2, lymphomatous elements expressed CD45, CD79a, CD20, K-light chain, EBNA-2,p53, bcl-2 oncogene product, and -weakly to moderately -LMP-1, and was negative for CD3, CD43, flight chain, bcl-6, NPM/ALK product, and cytokeratins. They also revealed partial reactivity with the mAb.s anti-CD30 and CD45R0. The Ki-67 marking was 90%. 
ISH and molecular studies
ISH showed positivity of all neoplastic cells with the EBER 1/2 probes ( Figure 7) . PCR-based studies from DNA extracted from paraffin blocks revealed clonal rearrangements of Ig heavy chain genes in both cases (Figure 8 ). PCR-ISH for HHV8 yielded negative results in patient 1, while in patient 2 there were discrete intranuclear signals in approximately 30%-40% of the tumour cells.
Discussion
The occurrence of malignant lymphomas of the pleural cavity developing from long-standing pyothorax was first reported in the Japanese literature [6] . In particular, this condition -also termed pyothorax-associated lymphoma (PAL) -develops in about 2.2% of the patients with chronic pyothorax, 22 to 55 years following artificial pneumothorax to control lung tuberculosis or tuber- culous pleuritis, and most often runs a rapidly fatal course [7] . Epidemiological studies carried out in Japan have suggested that the risk of lymphoma in these patients is 3,000 times higher than for the general population [14] . PAL is characterized by a singular or plurinodular mass infiltrating the pleura and the chest wall, in the absence of any other nodal or extranodal location, and most often displays the features of diffuse peripheral large B-cell lymphoma immunoblastic, although exceptional cases with anaplastic large-cell [12] orT-cell-rich B-cell morphology [24] have also been described. So far, immunohistochemistry has shown Bor null-phenotype in all but two cases, which revealed hybrid [25] and T-cell natures [12] , respectively. Molecular biology has documented clonal rearrangements of the genes encoding for Ig heavy chains and p53 mutations, most of them at dipyrimidine sites [7] .Virological studies suggest a causal relationship with EBV, but not HHV8, which is usually found in primary effusion lymphomas [5, 7, [13] [14] [15] . In particular, neoplastic cells display monoclonality or -on occasion -oligoclonality by EBV terminal repeat probes, encode small RNAs EBER 1 and EBER 2, and express EBNA 2 and to a lesser extent LMP-1 [7, [13] [14] [15] . The latter phenotypic profile (EBNA+ and LMP-1+/-) is rather characteristic of PAL, since among EBV-associated lymphoid tumours endemic Burkitt's lymphoma is LMP-1-and EBNA 2- [13] , while neoplasms occurring in immunocompromised patients strongly express both molecules [26] . At any rate, the finding that EBNA 2 is highly expressed in PAL, along with the weaker expression of LMP-1, clearly shows that the tumour has a molecular profile which corresponds to the Lat III type EBV latent infection on Rowe's classification [27] and is usually observed in EBV-transformed lymphoid populations [28] . In particular, in the setting of PAL, subclinical systemic and/or local immunodeficiency, which occurs in patients with chronic tuberculosis, might have favoured the development of an EBV-associated lymphoma in the pleura. Furthermore, the thick layer of hyalinous and acellular matrix in the fibrothorax might represent a niche in which EBV-infected cells can grow and thereby enable lymphomatous elements to escape systemic T-cell surveillance and/or provide cytokines (such as IL-6) that are prerequisites for the clonal growth of EBV-infected cells [29] . This hypothesis -which parallels the one proposed for other EBV-driven lymphoid tumours -may be supported by the observation of oligoclonality in some PALs [13] [14] [15] . Finally, the expression of EBNA 2 might be related to the common occurrence of necrosis in PAL tissue: EBNA 2, in fact, is known to act as a target of cell-mediated cytolysis and thus to induce cytolytic reactions [13] .
The present cases fulfil most if not all of the criteria for the diagnosis of PAL on clinical, morphologic, phenotypic, and molecular grounds. Their interest lies in both the molecular and epidemiologic findings. First of all, in one of the two cases positivity for HHV8 could be detected by ISH-PCR: this is an absolutely novel finding which questions the fact that such a virus is characteristically associated with primary effusion lymphoma [5] . Our observation differs from the ones of Cesarman et al. [5] who failed in the search for HHV8 in 12 Japanese and two French PALs. Therefore, additional studies on larger series are needed to make the situation clear. Furthermore, the cases herein described represent the first instances of PAL in Italy and two of the very few until now documented in Western countries. In particular, five cases were reported by Martin et al. [8] , Molinie et al. [9] and Fesq et al. [11] in France, and one by Luther et al. [10] in Germany. Except for these six cases and our own small series, PAL has been described as occurring almost exclusively in Japanese people. This quite curious situation might be due to ethnic variances among Western and Asian populations. However, it may also be attributable to other causes. Firstly, it could be due to the fact that artificial pneumothorax has been much more widely performed in Japan than in Western countries [7] . Secondly, it may be related to differences in the incidence of tuberculosis in Japan, Europe and the United States. In particular, among infectious diseases, tuberculosis is today a serious health problem in Japan, also because of increasing immigration [30] , while it has been declining since the 1980s in Western countries because of social attention, active prevention, and effective chemotherapy [31] . As chronic pyothorax is known to be associated with nonlymphoid tumours such as squamous cell carcinoma and malignant mesothelioma, also in Europe and United States, it might be that in the past PAL -which can now be easily identified thanks to the availability of ancillary techniques -remained undiagnosed or misdiagnosed in these countries. It might, therefore, be worthwhile to retrospectively investigate and reclassify large series of neoplasms which occurred in Western patients with chronic pyothorax in order to assess whether a real difference in the occurrence of PAL does exist between Caucasian and Japanese populations.
